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HM514400A/AL/ASL Series T ,^ Z3 ,^ 

1 ,048,576-word x 4-bit Dynamic RAM HITACHI/ LOGIC/ARRAYS/MEN 



The Hitachi HM514400A/AL/ASL is a CMOS 
dynamic RAM organized 1,048,576- word x 4-bit. 
HM514400A/AL/ASL has realized higher density, 
higher performance and various functions by 
employing 0.8 |lm CMOS process technology and 
some new CMOS circuit design technologies. The 
HM514400A/AL/ASL offers fast page mode as a 
high speed access mode. 

Multiplexed address input permits the 
HM514400A/AL/ASL to be packaged in standard 
20-pin plastic SOJ, 20-pin plastic ZIP, 20-pin 
TSOP, and 20-pin ST-ZIP. 



Features 

• Single 5 V (±10%) 

• High speed 

- Access time 

60 ns/70 ns/80 ns (max) 

• Low power dissipation 

- Active mode 

605 mW/550 mW/495 mW (max) 

- Standby mode 1 1 mW (max) 

0.83 mW (L-version) 
0.55 mW (SL-version) 

• Fast page mode capability 

• 1,024 refresh cycles: 16 ms 

1,024 refresh cycles: 128 ms (L-version) 

• 3 variations of refresh 

- RAS-only refresh 

- CAS-before-RAS refresh 

- Hidden refresh 

• Test function 

• Battery back up operation (L-version) 

• Data retention operation (SL-version) 



Ordering Information 



Type No. 


Access 
time 


Package 


HM51 4400AJ/ALJ/ASLJ-6 
HM514400AJ/ALJ/ASLJ-7 
HM51 4400AJ/ALJ/ASLJ-8 


60 ns 
70 ns 
80 ns 


350-mil 
20-pin 
plastic SOJ 
(CP-20DA) 


HM5 1 4400AS/ALS/AS LS-6 
HM51 4400AS/ALS/ASLS-7 
HM51 4400AS/ALS/ASLS-8 


60 ns 
70 ns 
80 ns 


300-mii 
20-pin 
plastic SOJ 
(CP-20D) 


HM51 4400AZ/ALZ/ASLZ-6 
HM514400AZ/ALZ/ASLZ-7 
HM514400AZ/ALZ/ASLZ-8 


60 ns 
70 ns 
80 ns 


400-mil 
20-pin 
plastic ZIP 
(ZP-20) 


HM51 4400AT/ALT/ASLT-6 
HM51 4400AT/ALT/ASLT-7 
HM51 4400AT/ALT/ASLT-8 


60 ns 
70 ns 
80 ns 


20-pin 
plastic 
TSOPI 
(TFP-200A) 


HM51 4400AR/ALR/ASLR-6 
HM514400AR/ALR/ASLR-7 
HM51 4400AR/ALR/ASLR-8 


60 ns 
70 ns 
60 ns 


20-pin 
plastic 
TSOPI 
reverse type 
(TFP-20DAR) 


HM51 4400ATT/ALTT/ASLTT-6 
HM51 4400ATT/ALTT/ASLTT-7 
HM51 4400ATT/ALTT/ASLTT-8 


60 ns 
70 ns 
80 ns 


20-pin 
plastic 
TSOP 11 
(TTP-200) 


HM51 4400ARR/ALRR/ASLRR-6 
HM51 4400ARRyALRR/ASLRR-7 
HM514400ARR/ALRR/ASLRR-8 


60 ns 
70 ns 
80 ns 


20-pin 
plastic 
TSOP II 
reverse type 
(TTP-20DR) 


HM514400ATZ/ALTZ-6 
HM514400ATZ/ALTZ-7 
HM514400ATZ/ALTZ-8 


60 ns 
70 ns 
80 ns 


20-pin 
plastic 
ST-ZIP 
(ZP-20S) 
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HM514400A/AL/ASL Series 



HITACHI/ LOGIC/ARRAYS/MEM 



Pin Arrangement 



HM514400AJ / ALJ / ASU Series 
HM514400AS / ALS / ASLS Series 



Hitachi pin No. 
JEDEC pin No. 



I/01 1 
I/02 2 
WE 3 



RAS 4 
A9 5 



AO 6 | 
A1 7 
A2 8 
A3 9 
V cc 10 



1 

2 
3 
4 
5 

9 

10 
11 
12 
13 



26 
25 
24 
23 
22 

18 
17 
16 
15 
14 



20 V ss 
19 I/04 
18 I/03 



17 CAS 
16 OE 



15 A8 

14 A7 

13 A6 

12 A5 

□ l1 A4 



(Top View) 



HM514400AT / ALT / ASLT Series 



OE 


1 nzz 


CAS 


2 dZZ 


I/03 


3 nzz 


I/04 




Vss 


5 I i 


1/01 


6 I I 


I/02 


7 I I 


WE 


8 I I 


RAS 


9 I I 


A9 


101 1 



o 



(Top View) 



HM514400AZ / ALZ / ASLZ Series 
H M5 1 4400ATZ/ALTZ Series 



CAS 2 
I/04 4 
1/01 6 
WE 8 
A9 10 
A1 12 
A3 14 
A4 16 
A6 18 
A8 20 



1 OE 

3 I/03 

5 V ss 

7 I/02 



9 RAS 
11 AO 
13 A2 
15 V CC 
17 A5 
19 A7 



(Bottom View) 



20 A8 

19 A7 

] 18 A6 

] 17 A5 

] 16 A4 



J 15 Vcc 

J 14 A3 

D 13 A2 

: 12 ai 

: 11 ao 
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HM514400A/AL/ASL Series 



Pin Arrangement (cont) 



HITACHI/ LOGIC/ARRAYS/HEH 



HM514400AR / ALR / ASLR Series 



as mil 






has 9 rr 






WE 8 I I 






I/02 7 t I 






1/01 6 I I 




o 




V ss 5 U — 




I/04 4 nzz 






I/03 3 n 






CAS 2 DZZ 

oe 1 azz 


o 





11 AO 

12 A1 

13 A2 

14 A3 

15 V cc 

16 A4 

17 A5 

18 A6 

19 A7 

20 A8 



(Top View) 



HM514400ATT / ALTT / ASLTT Series 



HM51 4400ARR / ALRR / ASLRR Series 



1/01 


1 


I/02 


2 


WE 


3 


RAS 


4 


A9 


5 


AO 


6 


A1 


7 


A2 


8 


A3 


9 


v C c 


10 



o 



20 


v S s 


Vss 


20 


19 


I/04 


I/04 


19 


18 


I/03 


I/03 


18 


17 


CAS 


CAS 


17 


16 


ol 


OE 


16 


15 


A8 


A8 


15 


14 


A7 


A7 


14 


13 


A6 


A6 


13 


12 


A5 


A5 


12 


11 


A4 


A4 


11 



o 



1 


1/01 


2 


I/02 


3 


WE 


4 


RAS 


5 


A9 


6 


AO 


7 


A1 


8 


A2 


9 


A3 


10 


Vcc 



(Top View) 



(Top View) 
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HM514400A/AL/ASL Series 



HITACHI/ LOGIC/ARRAYS/MEN 



Pin Description 



Pin name 


Function 


Pin name 


Function 


A0-A9 


Address input 


WE 


Read/write enable 


AO- A9 


Refresh address input 


UE 


Output enable 


1/01 - 1/04 


Data-in/data-out 


v C c 


Power (+5 V) 


RAS 


RoW address strobe 


v S s 


Ground 


CSS 


Column address strobe 
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— HITACHI/ LOGIC/ARRAYS/ MEM 



HM514400A/AL/ASL Series 



Block Diagram 
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CAS 
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WE 



OE 
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CAS 




WE 




OE 


Control 




Control 




Control 




Control 


Circuit 




Circuit 




Circuit 
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1/02 Buffer 



1/03 
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Column Address Buffer 
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HM514400A/AL/ASL Series 



HITACHI/ LOGIC/ARRAYS/MEM 



Absolute Maximum Ratings 



Parameter 




Symbol 


Value 




Unit 


Voltage on any pin relative to Vss 






-1.0 to +7.0 




V 


Supply voltage relative to V ss 




v cc 


-1.0 to +7.0 




V 


Short circuit output current 




lout 


50 




mA 


Power dissipation 




P T 

1 


1.0 




W 


Operating temperature 




Topr 


to +70 




°C 


Operating temperature (SL-version) 




Topr 


to +60 




°C 


Storage temperature 




Tstg 


-55 to +125 




°C 


Recommended DC Operating Conditions (Ta = 

(Ta = 


to +70°C) 

to +60°C (SL-version)) 




Parameter 


Symbol Min 


Typ Max 


Unit 


Notes 


Supply voltage 


v S s 








V 






v C c 


4.5 


5.0 5.5 


V 


1 






4.0 


— 5.5 


V 


1,2 


input high voltage 


V| H 


2.4 


— 6.5 


V 


1 


Input low voltage 


VlL 


-1.0 


— 0.8 


V 


1 



Notes: 1. All voltage referenced to V ss 

2. Only tor data retention operation (SL-version) 
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HITACHI/ LOGIC/ARRAYS/MEM 

HM514400A/AL/ASL Series 



DC Characteristics (Ta = to +70°C, V cc = 5 V ± 10%, V ss = V) 

(Ta = to +60°C, V cc = 5 V ± 10%, V ss = V (SL-version)) 



HM514400A HM514400A HM514400A 
-6-7-6 



Parameter 


Symbol Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Test conditions 


Notes 


Operating 

fM irront 

IsUI 1 CI 1L 


■cci — 


110 




100 




90 


mA 


RAS, CAS cycling 
tor- = min 


1.2 


Standby current 


'CC2 — 


2 


— 


2 


— 


2 


mA 


TTL interface 
RAS, CAS = V| H 
Dout = High-Z 








i 

1 




1 




1 


mA 


CMOS interface 
RAS, CAS > 

V CC - 0-2 V 
Dout = Hiah-Z 




Standby current 
(L-version) 


— 


150 


— 


150 


— 


150 


nA 


CMOS interface 
RA5,CA5 = V| H 
- WE, OE, address, 


4 


Standby current 
(SL-version) 


— 


100 


— 


100 


— 


100 


uA 


Din = Vm or V||_ 
Dout = High-Z 




RAS-onty refresh 
current 


'CC3 — 


110 


— 


100 


— 


90 


mA 


t RC = min 


2 


Standby current 


'CC5 — 


5 




5 




5 


mA 


RAS = V 1H 
CAS = V| L 
Dout = enable 


1 


CA3-before-RA5 
refresh current 


'CC6 — 


110 


— 


100 


— 


90 


mA 


tRC = min 




Fast page mode 
current 


>CC7 — 


110 




100 




90 


mA 


tpc = rnin 


1,3 


Battery back up 
operation current 
(CBR refresh) 
(L-version) 


'ccio — 


200 


— 


200 


— 


200 


HA 


t RC = 125 ns 
t RAS ^ 1 »s 
WE = V| H ,CAS = 
OE, address, 
Din = V lH or V| L 
Dout = High-Z 


4 


Data retention 
current 
(CBR refresh) 
(SL-version) 




150 




150 




150 


MA 


t RC = 250 us 4 

t RAS < 200 ns 

WE = V| H , CAS = V| L 

OE, address, 

Din = Vm or V||_ 

Dout = High-Z 

4.0 V < V cc < 5.5 V 



369 



HM514400A/AL/ASL Series HITACHI/ LOGIC/ ARRAYS/ 

DC Characteristics (Ta = to +70°C, V cc = 5 V ± 10%, V ss = V) 

(Ta = to +60°C, V cc = 5 V ± 10%, V ss = V (SL-version)) 
(cont) 

HM514400A HM514400A HM514400A 







-6 




-7 




-8 








Parameter 


Symbol Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Test conditions Notes 


Input leakage 
current 


"li 


-10 


10 


-10 


10 


-10 


10 


uA 


V < Vin < 7 V 


Output leakage 
current 


"lo 


-10 


10 


-10 


10 


-10 


10 


HA 


V < Vout < 7 V 
Dout = disable 


Output high 
voltage 


VOH 


2.4 


Vcc 


2.4 


Vcc 


2.4 


Vcc 


V 


High lout = -5 mA 



Output low V 0L 0.4 0.4 0.4 V Low lout = 4.2 mA 

voltage 



Notes: 1 . I cc depends on output load condition when the device is selected. I cc max is specified at the 
output open condition. ** 

2. Address can be changed twice or less while RAS = V|i_. 

3. Address can be changed once or less while CAS = V|h- 

4. V cc - 0.2 V < V| H < 6.5 V, V < V, L < 0.2 V. 



Capacitance (Ta = 25°C, V cc = 5 V ± 10%) 



Parameter 


Symbol 


Typ 


Max 


Unit 


Notes 


Input capacitance (Address) 


On 




5 


PF 


1,3 


Input capacitance (Clocks) 


C| 2 




7 


PF 


1 


Output capacitance (Data-in, data-out) 


C l/0 




10 


PF 


1,2 



Notes: 1 . Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V )H to disable Dout 

3. C n (max) = 7 pF for HM51 41 00ATZ/ALTZ Series. 
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HITACHI/ LOGIC/ ARRAYS/HEM 



HM514400A/AL/ASL Series 

AC Characteristics (Ta = 0°C to +70°C, V cc = 5 V ± 10%, V ss = V)*L * 14 - * 15 - * 16 

(Ta = 0°C to +60°C, V cc = 5 V ± 10%, V ss = V (SL-version)) 

Test Conditions 

Input rise and fall times: 5 ns 
Input timing reference levels: 0.8 V, 2.4 V 
Output load: 2 TTL gate + C L ( 100 pF) 
(Including scope and jig) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common parameters) 

HM514400A HM514400A HM 51 4400 A 







-6 




-7 




-8 








Parameter 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Notes 


Random read or write cycle time 


*RC 


110 




130 




150 




ns 




RAS precharge time 


*RP 


40 




50 




60 




ns 




RAS pulse width 


l RAS 


60 


10000 70 


10000 80 


10000 ns 


19 


CAS pulse width 


Icas 


15 


10000 20 


10000 20 


10000 ns 


20 


Row address setup time 


*ASR 

















ns 




Row address hold time 


*RAH 


10 




10 




10 




ns 




Column address setup time 


l ASC 

















ns 




Column address hold time 


l CAH 


15 




15 




15 




ns 




RAS to CSS delay time 


*RCD 


20 


45 


20 


50 


20 


60 


ns 


8 


RAS to column address delay time tR^n 


15 


30 


15 


35 


15 


40 


ns 


9 


RAS hold time 


tRSH 


15 




20 




20 




ns 




CAS hold time 


tCSH 


60 




70 




80 




ns 




CAS to RAS precharge time 


*CRP 


10 




10 




10 




ns 




DE to Din delay time 


tODD 


15 




20 




20 




ns 




DE delay time from Din 


x DZO 

















ns 




CAS setup time from Din 


tDZC 

















ns 




Transition time (rise and fall) 


*T 


3 


50 


3 


50 


3 


50 


ns 


7 
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HM514400A/AL/ASL Series HITACHI/ LOGIC/ ARRAYS/HEM 



Read, Write, Read-Modify-Write and Refresh Cycles (Common parameters) (cont) 

HM514400A HM514400A HM514400A 
■6 -7 -8 



Parameter 


Symbol Min 


Max Min 


Max Min 


Max 


Unit Notes 


Refresh period 


l REF — 


16 — 


16 — 


16 


ms 


Refresh period (L-version) 


l REF — 


128 — 


128 — 


128 


ms 


Refresh period (SL-version) 


tREF — 


256 — 


256 — 


256 


ms 21 



Read Cycle 

HM514400A HM514400A HM514400A 







-6 




-7 




•8 








Parameter 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Notes 


Access time from ftAS 


'rac 




60 




70 


— 


80 


ns 


2,3, 17 


Access time from CAS 


l CAC 




15 




20 




20 


ns 


3,4, 13, 17 


Access time from address 


*AA 




30 




35 




40 


ns 


3, 5, 13, 17 


Access time from OE 


tOAC 




15 




20 




20 


ns 


3, 17 


Read command setup time 


'rcs 

















ns 




Read command hold time to CAS 


tRCH 

















ns 


18 


Read command hold time to RAS 


*RRH 

















ns 


18 


Column address to RAS lead time 


tRAL 


30 




35 




40 




ns 




Output buffer turn-off time 


k)FF1 





15 





20 





20 


ns 


6 


Output buffer turn-off to OE 


*OFF2 





15 





20 





20 


ns 


6 


CAS to Din delay time 


tcDD 


15 




20 




20 




ns 




OE pulse width 




15 




20 




20 




ns 
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HM514400A/AL/ASL Series 



WriteCycle HITACHI/ LOGIC/ARRAYS/ PIE n 



HM514400A HM514400A HM514400A 
-6 -7 -8 



Parameter Symbol Min Max Min Max Min Max Unit Notes 



wnie corriiTianu setup lime 


twCS 


n 

U — 


u — 


n 

y — 


nc 

lib 


1 n 


Write command hold time 


twCH 


15 — 


15 — 


15 — 


ns 




Write command pulse width 


t W p 


10 — 


10 — 


10 — 


ns 




Write command to RAS lead time 


*RWL 


15 — 


20 — 


20 — 


ns 




Write command to CAS lead time 


l CWL 


15 — 


20 — 


20 — 


ns 




Data-in setup time 


tos 


— 


— 


— 


ns 


11 


Data-in hold time 




15 — 


15 — 


15 — 


ns 


11 



Read-Modify-Write Cycle 

HM514400A HM514400A HM514400A 
-6 -7 -8 



Parameter 


Symbol 


Min 


Max Min 


Max Min 


Max Unit 


Notes 


Read-modify-write cycle time 


*RWC 


150 


— 180 


— 200 


— ns 




RSS to WE delay time 


*RWD 


80 


— 95 


— 105 


— ns 


10 


CSS to WE delay time 


tCWD 


35 


— 45 


— 45 


— ns 


10 


Column address to WE delay time t^wD 


50 


— 60 


— 65 


— ns 


10 


DE hold time from WE 


tQEH 


15 


— 20 


— 20 


— ns 
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HM514400A/AL/ASL Series 



HITACHI/ LOGIC/ARRAYS/ NEPi 



Refresh Cycle 

HM514400A HM514400A HM514400A 







•6 




-7 




-8 








Parameter 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Notes 


CAS setup time 

(CAS-before-RA5 refresh cycle) 


tCSR 


10 




10 




10 




ns 




CAS hold time 

(CAS-before-RAS refresh cycle) 


tCHR 


10 




10 




10 




ns 




RAS precharge to CAS hold time 


tape 


10 




10 




10 




ns 




CAS precharge time in normal 
mode 


tCPN 


10 




10 




10 




ns 




Fast Page Mode Cycle 
























HM514400A 
-6 


HM514400A 
-7 


HM514400A 
-8 






Parameter 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Notes 


Fast page mode cycle time 


*PC 


40 




45 




50 




ns 




Fast page mode CAS precharge 
time 


*CP 


10 




10 




10 




ns 




Fast page mode RAS pulse width 


f RASC 




100000 




100000 




100000 ns 


12 


Access time from CAS precharge 


*ACP 




35 




40 




45 


ns 


3,13, 17 


RAS hold time from CAS 
precharge 


*RHCP 


35 




40 




45 




ns 





Fast Page Mode Read-Modify -Write Cycle 

HM514400A HM514400A HM 51 4400 A 
-6 -7 -8 

Parameter Symbol Min Max Min Max Min Max Unit Notes 

Fast page mode read-modify-write t PCM 80 — 95 — 100 — ns 
cycle time 

CAS precharge to WE delay time tepw 55 — 65 — 70 — ns 10 
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HITACHI/ LOGIC/ARRAYS/HER H MS14400A/AL/ASL Series 



Test Mode Cycle 



Parameter 



HM514400A HM514400A HM514400A 
-6 -7 -8 



Symbol Mln Max Min Max Mln Max Unit Notes 



Test mode WE setup time 



tws 



— 



— — 



ns 



Test mode WE hold time 



twH 



10 — 



10 



— 10 — 



ns 



Counter Test Cycle 

HM514400A HM514400A HM514400A 
-6-7-8 



Parameter Symbol Min Max Min Max Mln Max Unit Notes 



CAS precharge time in counter tcpr 40 — 40 — 40 — ns 
test cycle 



Notes: 1 . AC measurements assume \j = 5 ns. 

2. Assumes that t RC o ^ t R cD (ma*) a nd Irad - tRAD (max)- " 1 rcd or l RAD is greater than the 
maximum recommended value shown in this table, t RA ^ exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 1 00 pF. 

4. Assumes that t RC o ^ t RC D (max) and tp^c < t RAD (max). 

5. Assumes that t R co ^ t RCD (max) and t RAD > t RAD (max). 

6. tQFF (max) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

7. V 1H (min) and V t |_ (max) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and V| L . 

8. Operation with the t R co (max) limit insures that t RAC (max) can be met, t RCD (max) is specified 
as a reference point only, if t R cQ 'S greater than the specified t R co (max) limit, then access 
time is controlled exclusively by tc A c- 

9. Operation with the t RA [> (max) limit insures that t RA c (max) can be met, t RA p (max) is specified 
as a reference point only, if t RA Q is greater than the specified t RA rj (max) limit, then access time 
is controlled exclusively by t^. 

10 - twCS- tRWD« tcWD> tAWD ancl tcpw are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only: if %cs - twcs (min), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; if t RWD > t RWD (min), tc WD > tc WD (min), t AWD > t AWD (min) and t CPW > t CPW (min) the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE 
leading edge in a delayed write or a read-modify-write cycle. 

1 2. t RA 5Q defines RAS pulse width in fast page mode cycles. 

1 3. Access time is determined by the longest of t^ or tc A c or t A cp- 

14. An initial pause of 100 ^s is required after power up followed by a minimum of eight initialization 
cycles (FSAS-only refresh cycle or CAS-before RAS refresh cycle). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles is required. 

1 5. In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying 
data to the device. 
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HITACHI/ LOGIC/ARRAYS/MEM 



16. Test mode operation specified in this data sheet is 2-bit test function controlled by control 
address bits - CAO. This test mode operation can be performed by WE-and-CAS-before-RSS 
(WCBR) refresh cycle. Refresh during test mode operation will be performed by normal read 
cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition 
of the output dat a is lo w leve l. In order to end this test mode operation, perform a RAS-only 
refresh cycle or a CAS-before-RAS refresh cycle. 

17. In a test mode read cycle, the value of t RAC . tcAC* *AA- k>AC and *ACP is delayed for 2 ns to 5 
ns for the specified value. These parameters should be specified in test mode cycles by adding 
the above value to the specified value in this data sheet. 

18. Either t R cH or Irrh must °e satisfied. 

1 9 - *RAS ( m ' n ) = *RWD ( m ' n ) + tRWL ( min ) + *T in read-modify-write cycle. 

20- tcAS ( m ' n ) = tcWD ( m ' n ) + *CWL { m ' n ) + *T ' n r©ad-modify-write cycle. 
21 . tpEp is 16 ms without data retention. 
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Timing Waveforms HITACHI/ LOGIC/ARRA YS/HEr. 

Read Cycle 
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HM514400A/AL/ASL Series HITACHI/ LOGIC/ARRAYS/HEM 

Early Write Cycle 




* W&A ' Don,t care 
** twcs ^ *wcs (min) 
*** Of: Don't care 
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Delayed Write Cycle 



HITACHI/ LOGIC/ARRAYS/HEH 



Address 




m 



Don't care 



Invalid Dout comes out, when OE is low level. 



379 



HM514400A/AL/ASL Series 



HITACHI/ LOGIC/ ARRAYS/ HE H 



Read-Mod ify-Write Cycle 



Address 




^ : Don't care 
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CAS-Before-RAS Refresh Cycle HITACHI/ LOGIC/ARRAYS/MEM 




High-Z 

Dout - — 

* Refre sh Address AO - A9 (AXO - AX9) 

** bilisl : Don't care 



*" WE : Don 't care 
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Hidden Refresh Cycle 
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Fast Page Mode Read Cycle HITACHI/ I ^Tr/,n 

* L06IC/ ARRAYS/MEMi 
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HM514400A/AL/ASL Series 

Fast Page Mode Early Write Cycle 



HITACHI/ LOGIC/ARRAYS/MEf 
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Fas, Page Delayed Write Cycle HITACHI/ LOGIC/ARRAYS/HEM 



RAS 



\ 



CAS 



Address 




Usr 



*RASC 



tASC 
* 



Row 



tRAH 




tCAH 



Col. 




tpc 



< — ^—*- 



tAsc k* 




1 



Din 




Dout 



•4 



Col. 
7T 



x — 

Din 



tt)H 



tCAH 




Jt RCS 

tos 













I 1 







*RSH 
tCAS 



Col. 



Din 



Irp 



1. 



■4 \* 



High-Z 






25 



23 



Don't care 
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Fast Page Mode Read-Modify-Write Cycle 
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Test Mode Cycle 



WE 



HM514400A/AL/ASL Series 



HITACHI/ LOGIC/ARRAYS/ ME 




* CBR or RAS only refresh 
: Don't care 



*** Address, Din, OE : Don't care 



Test Mode Set Cycle 



WE-And-CAS-Before-RAS Refresh Cycle 



RAS 



CAS 



Address 



Dout 



J 



*RP 



*CPN 



4 kSR > 




4 twS H 



tRC 



„ ^ ► 



4 kHR » 



tyvH 



2^ 



tCPN 



tRPC, 



JCRP^ 




V 





Don't care 
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HITACHI/ LOGIC/ARRAYS/MEM 



CAS-Before-RAS Refresh Counter Check Cycle (Read) 



Address 
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CAS-Before-RAS Refresh Counter Check Cycle (Write) HITACHI/ LOGIC/ARRAYS/MEi 




High-Z 

Dout 
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